Abstract: Reduction of cross polarization in higher frequency is performed for a circularly polarized broadband antenna consisting of a waveguide and an L-shaped feed probe. Cross polarization over a wide elevation range was enhanced in higher frequency beyond the cutoff frequency of first higher order mode in the previously proposed structure. To reduce the cross polarization, the surface of a short wall of the waveguide is modified to be curved parabolically. And, coefficients of the parabolic function for the short wall are optimized to provide the ideal amplitude ratio characteristics. As a result, cross polarization is reduced by 5 dB to 10 dB using the short wall.
Introduction
Recently, circularly polarized (CP) antennas have been extensively studied and have many advantages such as reduction of multipath fading, no need of antenna alignment and avoidance of the clutter effect in radar [1] . Therefore, such advantages allure a lot of applications in satellite, radar, UWB communication and measurement.
A broadband CP waveguide antenna using an L-shaped probe has been proposed in [2] . Since that, numerous broadband CP antennas using an Lshaped probe have been proposed [3, 4, 5] . In [4] , inserting poles at the inside corners of the waveguide is effective to reduce the effect of higher order mode of TM 11 which deteriorates good broadband axial ratio (AR) characteristics. Besides, further wideband characteristics are achieved by optimizing the center frequency, inserting thin poles and shifting the feed point [5] . This antenna attains 10-dB S 11 bandwidth of 50.8% and 3-dB AR bandwidth of 54.4% in the boresight direction. However, cross polarization level in higher frequency becomes extremely higher except the boresight direction in the x-z plane (See Fig. 3 ). This is due to the effect of higher order mode generated in the asymmetrical antenna structure and takes place in the frequency which is beyond the cutoff frequency of TM 11 (8.48 GHz) In this letter, a novel structure of the CP antenna is presented for reducing high cross polarization level over a wide elevation range. Fig. 1 shows a proposed antenna which has a short wall with a parabolic surface. An L-shaped probe is placed perpendicular to the propagation direction and at a distance of 15 mm (λ g /4 (8.6 GHz, λ/4 = 8.7 mm) + 3 mm, λ g : effective wavelength) from the short wall. To generate CP, TE 10 and TE 01 dominant modes are degenerated in the waveguide with 90 degrees phase difference by choosing the length of the vertical part of the probe as approximately λ/4 around 6.25 GHz.
Antenna structure
A short wall with a parabolic surface is installed as shown in Fig. 1 . In previous studies, the distance between the L-probe and the short wall was kept at λ g /4 along the x axis. However, this distance varies with angle to the x axis. To equalize the distance, the short wall with the parabolic surface is employed with an optimized function of
Variation in AR characteristics with respect to the distance between the center of short wall and the L-probe is shown in Fig. 2 (a). When the distance is fixed at λ g /4 (12 mm), AR characteristics are extremely deteriorated in wide frequency range. However, AR characteristics can be controlled by adjusting the distance. When the distance is chosen as 15 mm, the distance between the bending point of the probe and the parabolic wall varies from 13.1 mm to 15 mm with respect to θ angle. As a result, good phase difference of 90 • characteristics in higher frequency are kept by equalizing the distance for CP radiated over a wide elevation range. On the other hand, the amplitude ratio of E θ to E φ can be controlled with the coefficients in the function of x(y,z). Variation in amplitude ratio characteristics of the proposed antenna with coefficient of z in (1) is shown in Fig. 2 (b) . Magnitude of E θ increases with an decrease in the coefficient of z because E θ gets stronger. Therefore, amplitude ratio characteristics have been closer to 0 dB. As a result, we can conclude that the equation (1) should be optimized for shaping the short wall considering both phase and amplitude characteristics of CP in wideband frequency range.
Moreover, the parabolic short wall has also the same effect as the four poles (x × y × z = 5 × 8 × 8 mm) at the short wall [4] to omit the TM 11 mode. Therefore, the parabolic short wall attains lower cross polarization level in higher frequency. For achieving lower AR, four fine square poles with a cross section of 2 × 2 mm are installed parallel to the x axis at the corners [5] as shown in Fig. 1 . A strong resonance of TM 11 around 9.4 GHz is observed in this structure where strong electric field parallel to the x-direction can be observed. Their poles are effective to cancel the ring-shaped magnetic distribution of TM 11 along the metalic wall. Furthermore, an inductive coaxial structure with a characteristic impedance of approximately 145 Ω and a 6-mm length is installed to cancel the capacitivity at the feed point.
Fig. 2. Antenna characteristics

Results
As shown in Fig. 2 (c) , the input impedance has been well matched to 50 Ω from 6.56 GHz to 10.50 GHz. Fig. 2 (d) shows a comparison of AR and gain characteristics (φ = 0 • , θ = 90 • ) between the proposed antenna and the previous antenna [5] . AR characteristics are slightly deteriorated in lower frequency range. However, the proposed antenna particularly contributes to improve AR characteristics except the boresight direction in the x-z plane. Compared with the previous antenna, the antenna gain has been improved in higher frequency. However, there is a contradiction between the simulated and measured results. This can be caused because the position and its fre- Fig. 3 . Radiation pattern quency dependence of phase center have not been specified sufficiently for now. Although the phase center for this measurement has been assumed at the center of the aperture, this issue should be discussed in the future [6] including frequency dependence. Even for the parabolic structure, we can consider the range of antenna gain is effected little since the aperture of the antena is the same as that of the previous antenna with non-parabolic short wall.
The parabolic short wall largely affects AR characteristics in the x-z plane. Fig. 2 (e) and (f) show AR characteristics in the direction of θ = 60 • and θ = 120 • respectively with φ = 0 • . AR characteristics have been improved especially in higher frequency, which is due to the improvement of phase difference characteristics. Phase of the reflected wave from the short wall is optimized by the parabolic short wall. This is for equalizing the distance between the L-probe and the short wall with respect to angle centering the bending point in the probe. Broadband phase difference characteristics at 90 • have been performed by combining the reflected wave with the direct wave from L-probe over the broadband frequency. As a result, good CP with low AR can be achieved in the broad frequency range from 6.8 to 11 GHz in the direction of θ = 120 • with φ = 0 • . Fig. 3 shows comparisons of radiation pattern between the proposed antenna and the previous antenna [5] . Cross polarization level barely changes in the x-y plane. On the other hand, over a wide elevation range, cross polarization in the x-z plane of the proposed antenna is lower than that of the previous antenna, which shows the effect of the parabolic short wall. Furthermore, the measured results show good agreements with the simulated results.
Conclusion
A novel technique using a parabolic short wall is proposed to reduce cross polarization in higher frequency for a broadband CP waveguide antenna with an L-shaped probe. The parabolic short wall achieves good phase difference over a wide elevation range. This technique is also effective to reduce the higher order mode of TM 11 and can radiate CP over a wide elevation range. The proposed antenna is available for high speed communication such as UWB high-band (7.25-10.25 GHz) due to low variation in group delay with frequency [4] . As a result, broadband CP characteristics over a wide elevation range have been realized.
